Background: Tuberculosis remains a major health problem with more than 3 million deaths and 9 million new cases annually. Pakistan ranks 5th in the top 22 tuberculosis burden countries. Prevalence of all tuberculosis cases is 342 per 100,000 individuals in Pakistan.
Background
Tuberculosis is a disease caused by mycobacterium tuberculosis complex (MTBC) (1) . Any organ of the body could be affected by MTBC, yet in two-thirds of cases it effects the lungs (Pulmonary tuberculosis) (1) . Tuberculosis is commonly transmitted from person to person via droplet infection, mainly from sputum smear positive patients for acid fast bacilli (AFB) (2) . Tuberculosis is a common public health problem in developing countries. It annually kills more people than any other infectious disease (3, 4) . Currently, in less developed countries of Africa and Asia, the disease is highly prevalent where efforts to control tuberculosis are hampered by poor health systems, and in some countries by the high burden of co-infection with HIV (5).
The laboratory infrastructure is poor in these endemic countries. Sputum smear microscopy is a diagnostic tool for tuberculosis with low and variable sensitivity (6) . Tuberculosis is one of the most important infectious diseases in the world and responsible for more than 3 million deaths and 9 million new cases, annually (4) . Pakistan is at 5th position in the top 22 tuberculosis burden countries. Prevalence of cases is 342 per 100,000 individuals (7).
The early detection and treatment of tuberculosis cases is very important for tuberculosis control because in Pakistan tuberculosis detection rate is only 63% (8) . Sputum smear microscopy (technique with low sensitivity and requiring a skilled practitioner) and chest radiography (lacking in specificity as well as sensitivity) are the diagnostic tests available in these settings (9) . Pulmonary tuberculosis is commonly diagnosed by microscopy. Sputum induction is relatively easy to perform, generally welltolerated, and is frequently proposed as a technique to improve sample collection for tuberculosis diagnosis (2) . Sensitivity is even lower where workload is high and technicians spend less time to examine the smears (10) .
In 2006, a systematic review was published, in which specificities of fluorescence microscopy and conventional Ziehl-Neelsen microscopy was compared. This review reported that smear by fluorescence microscopy could improve sensitivity of smear microscopy by 10% over the conventional Ziehl-Neelsen microscopy (11).
Objectives
This study aimed at investigating the frequency and pattern of tuberculosis in Khyber Pakhtunkhwa, Pakistan using light-emitting diodes-fluorescence microscopy (LED-FM).
Methods

Ethical Issues
This study was approved by research and ethics committee of the post graduate medical institute (PGMI) (No: 354/ PGMI/ LRH/2013/245), lady reading hospital (LRH), Peshawar, Pakistan.
Clinical Specimens
The present study was conducted at programmatic management of drug resistant tuberculosis (PMDT) Unit LRH Peshawar, Pakistan. A total of 1330 specimens were collected from suspected patients of drug resistant tuberculosis at PMDT, LRH, from January 2014 to December 2014, and included in this study. The referrals of these specimens were according to the guidelines of the national tuberculosis program for referral of specimens for presumptive drug resistant tuberculosis. Direct sputum lightemitting diodes-fluorescence microscopy (LED-FM) was performed routinely in the clinic's laboratory. Patients submitted their sputum specimens after providing a written informed consent. Instructions were provided for the patients for the production of good quality sputum specimens (12).
Preparation of Slides
Smears were stained for LED-FM with 0.1% auraminerhodamine acid fast staining for a minimum of 15 minutes, which were then de-stained with 1% HCl in alcohol for 2 minutes and then counterstained with potassium permanganate for 60 seconds and examined under LED-FM (ZEISS, Primo star, primo plan-achromat) (magnification, X400). The number of acid fast bacilli (AFB) examined per standard length (i.e. 1 cm large and 2 cm long) was reported. A length corresponded under 1000 and 400 magnification was 100 and 20 fields magnification respectively (13) . As LED-FM slides should be examined within 24 hours, as part of the internal quality control (IQC), all LED-FM slides were controlled by the laboratory supervisor during one day (chosen randomly) per week. The second reader on the same day blindly examined a random sample of 200 auramine stained smears, to measure the inter-reader reliability of the LED-FM.
The sputum smear results were graded as per world health organization (WHO) protocol as follows (14): 1. Negative results were recorded, if no AFB was found in one length 2. If 1-2 AFB in one length was found, confirmation required by another technician or another smear was prepared, stained, and read.
3. Actual count or exact figure was recorded, if 3-24 AFB was found in one length.
4. (+) was recorded, if 1 to 6 AFB was found in one field. 5. (++) was recorded, if 7 to 60 AFB were found per field. 6. (+++) was recorded, if more than 60 AFB was found per field.
Statistical Analysis
The data were analyzed using statistical package for social sciences (SPSS 18) for windows (SPSS Inc., Chicago, IL, USA). Data are presented as frequencies for categorical variables, and by mean + standard deviation for numerical variables. Association between categorical variables was observed using the Chi-square test (and Fisher exact test wherever necessary). The criterion for significance was set at P < 0.05 based on a two-sided test.
Results
A total of 1330 tuberculosis suspects were included in the final results. Overall, the proportion of females was relatively higher (n = 728, 54.7%) than males ( Table 1 ). The mean age of patients was 39.7 (SD = 18.5) years, ranging from 10 to 80 years. The most suspected patients were those aged less than 30 of years (n = 642, 48.3), followed Univariate analysis revealed that the prevalence of tuberculosis was relatively higher in females (n = 462, 54.7%) than males ( Table 3) . The previously treated patients (n = 722, 85.6%) were more likely to experience tuberculosis as compared to newly diagnosed patients (Table 3) . Most of the tuberculosis cases (n = 446, 48.3%) were found among patients aged less than 30 years as compared to other age groups ( Figure 1 and Table 3 ). Individuals, who were < 30 years old (P < 0.001) had a statistically significant association with tuberculosis as compared to the age group of more than 60 years.
Discussion
The early detection and effective treatment of active tuberculosis cases in highly prevalent countries is important for tuberculosis control, especially in pulmonary tuberculosis cases. The main reason for the high risk of infection, death rate, and drug resistance cases in Pakistan may be due to delay in diagnosis and failure to cure high proportion of pulmonary smear positive cases. Pakistan is at the 5th position in the 22 top tuberculosis burden countries (15) , where 26% of the patients have no knowledge about tuberculosis disease before diagnosis and 10% of the general population is not aware of the disease (16) . Previous studies show that 56% to 99% of people were aware of tuberculosis disease in India (17) (18) (19) . In the present study, 62% were smear positive among suspected drug resistant tuberculosis patients, which is worrying as poor knowledge may be the reason for high burden of tuberculosis in Pakistan.
In Pakistan, diagnosis of tuberculosis depends on radiographic changes, microscopy, and culture (where available). Ziehl-Neelsen staining is a simple, rapid, and inexpensive test for diagnosis of pulmonary tuberculosis yet has low sensitivity. In 2010, the WHO recommended that LED-FM should replace conventional FM in all settings, and that LED microscopy should be phased as an option for conventional Ziehl-Neelsen microscopy (20) .
Out of the total suspected cases in the present study, 62% were smear positive in the present study; however, they were not confirmed by culture for M. tuberculosis. The current results are similar to that of the previous study by Zaman et al. who found 52% smear positivity (21) . Females were 63.5% in smear positive cases in this study. The present study was in line with other previous studies, in which females were more affected by tuberculosis than males (22) (23) (24) (25) (26) (27) . Zaman et al. and Akhtar et al. also noted that tuberculosis was more prevalent in females than in males (21, 28) . Our results are also in agreement with the results of Ahmad et al. who reported tuberculosis to be more frequent in females as compared to males (29). Long et al. reported that females waited almost twice as compared to males to visit health care centers or hospitals in Vietnam for diagnosis (30) . Females are busy with the care of children and working at home, thereby neglect their illness and do not refer to the health system when they are severely affected by the disease (31) . In some societies, the occurrence of tuberculosis infection in unmarried females makes it difficult to find life partners and in married females, they are forced to divorce (32) .
Age is also an important factor in the prevalence of tuberculosis. Association between tuberculosis and age is not consistent among studies, as researchers ent age group cut-offs from one another. However, it has been reported that tuberculosis patients were likely to be younger. Age category (< 30 years) had a statistically significant association with smear positive results. Smear positive cases (48.3%) were present in individuals aged < 30 years while 12.6% were present in patients aged more than 60 years old. In Pakistan, most tuberculosis cases occurred in the most economically productive age group (33, 34) . The authors hypothesize that this difference could be due to the fact that younger aged patients are often busy in routine activities, such as study or work as compared to elderly whose lifestyles are sedentary in our setting so that they are unable to maintain compliance. Another reason could be that they had greater exposure to tuberculosis patients as compared to elderly. However, this finding requires further investigations.
Previous tuberculosis treatment has statistically significant positive association with smear positive results. In the current study, the affected patients of tuberculosis were more commonly found amongst previously treated patients as compared to newly diagnosed patients. This finding is corroborated by a study by Denboon et al. (35) and may be due to low treatment success rate. Delays in diagnosis and accessing care are factors that may contribute to tuberculosis transmission. The current results indicate that there may be a considerable number of incompletely cured patients or previously treated tuberculosis cases that contribute to transmission of tuberculosis. In Pakistan, infants are vaccinated with Bacille Calmette-Guerin (BCG) to protect from tuberculosis disease in children (36) . The current study demonstrated the utility of LED-FM in resource poor settings, like Pakistan. Light-emitting diodes-fluorescence microscopy could be used in places where high technology tests are not available in Pakistan. Currently, 1401 Microscopy centers are working and in these centers, Ziehl-Neelsen microscopy is mostly used, which is less sensitive than LED-FM. Light-emitting diodesfluorescence microscopy requires minimal consumption of power supply, correct installation, and maintenance, and has extraordinary long-life span and does not produce Ultra Violet light. This makes it more suitable for use in high burden and resource-limited countries (38) . Smear reading with LED-FM (mean time = 1 minute) is 3 times faster as compared to Ziehl-Neelsen (mean time = 3 minute) (39) . According to a previous study, this study saved 25% to 65% of time, when using LED-FM (40) . Therefore, the introduction of FM microscopy would allow better microscopy and significantly reduce laboratory workload with the same human resources as compared to ZiehlNeelsen microscopy. Previous research has suggested that strong affinity of carbol auramine to mycolic acid compared to carbol fuchsin (41) would increase sensitivity of LED-FM for AFB.
Both xylene and immersion oil used for cleaning off with Ziehl-Neelsen are expensive and through misuse or poor quality often cause damage to the objective of the Ziehl-Neelsen microscopy (42) . The initial investment for LED-FM is considerable, yet the running costs are lower than Ziehl-Neelsen as there is no need of immersion oil or xylene, replacement of bulbs or objective (43) . Lightemitting diodes-fluorescence microscopy offers many advantages with appropriate equipment. The solution is easier to prepare and the staining technique is easier to control (11) , as the quality of commercial auramine powder is less variable than that of basic fuchsine (44) . Furthermore, if electrical and mechanical parts are high quality than it is trouble free for a long time, seeing 20,000 hours life span of LED-FM light source (42) . This study confirms acceptability of LED-FM and the advantage of using this technique in peripheral laboratories. For the National Tuberculosis Control Program, these are all significant thoughts in scalingup LED-FM with limited resources.
Conclusions
In the present study, female gender, previous treatment and younger age category were significantly associated with smear positivity. The early detection and effective treatment of active tuberculosis cases under supervision is important for tuberculosis control. The LED-FM microscopy is the best method for early diagnosis of tuberculosis if performed by an experienced microbiologist, as it is reliable and inexpensive.
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